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tography to analyze levels of active pharmaceutical ingredient (API), and 2) disintegration testing. R E S U LT S : Of 713 samples tested, 9.1% failed basic quality testing for requisite levels of API or disintegration. The failure rate was 16.6% in Africa, 10.1% in India, and 3.9% in other middle-income countries.
C O N C L U S I O N S :
Substandard and falsified drugs are readily available in the private marketplace and probably contribute to anti-tuberculosis drug resistance in low-and middle-income countries. This issue warrants further investigation through large-scale studies of drug quality in all markets.
K E Y W O R D S :
MDR-TB; XDR-TB; drug resistance; substandard drugs; malaria ABOUT A THIRD of the world's population is infected with latent tuberculosis infection (LTBI). 1 Individuals with latent infection have a 10% lifetime risk of developing active TB, although the risk is greater for those whose immunity is impaired, often due to the human immunodefi ciency virus (HIV). 1 The World Health Organization (WHO) estimates that there were 8.8 million incident cases of TB and 1.5 million TB deaths in 2010. 1 Most TB-affected populations are concentrated in poorer regions of the world, and fatalities occur disproportionately in Africa. 1 Treatment for TB is long and complicated. 2 The WHO recommends that new patients with pulmonary TB begin treatment with a daily 2-month intensive phase of isoniazid (INH), rifampicin (RMP), ethambutol and pyrazinamide, followed by a 4-month continuation phase of INH and RMP. 3 If treatment is stopped too soon or administered intermittently, or if insuffi cient anti-tuberculosis drugs are taken as monotherapies, the remaining bacilli can become drugresistant. 4 In resource-limited settings, drug resistance arising from poor treatment adherence is compounded by irregular drug supplies, medicines of inferior quality, lax prescription drug laws and weak enforcement of those laws that allows for the ready availability of monotherapies and fi xed-dose combinations (FDCs). 4 Treatment for multidrug-resistant (MDR-) and extensively drug-resistant TB (XDR-TB) is signifi cantly longer and more diffi cult for patients to complete, taking up to 2 years and requiring patients to ingest large numbers of pills. 5 MDR/XDR-TB can quickly become fatal, especially if a patient's immune system is compromised. 6 Available data suggest that antimicrobials and antiparasitics are the two types of pharmaceutical products that are most counterfeited in developing countries. 7 Substandard and falsifi ed antimalarial drugs have been found to be readily available in low-and middle-income countries. 8 Little research has been conducted to assess levels of falsifi ed and substandard TB drugs in developing countries outside some research on the degradation of fi xed-dosed combination therapies. 7, [9] [10] [11] [12] In a pilot study assessing the quality of INH and RMP samples collected from the private sector in two Indian cities, it was found that respectively 12% and 9% of samples failed either thin-layer chromatography (TLC) or a disintegration test, making them substandard. 13 The present study analyzes the quality of anti-tuberculosis drugs in the private sector in 17 low-and middle-income countries, and explores whether substandard and falsifi ed drugs may be exacerbating the problem of drug resistance. Following the methodology of previous studies, local nationals posing as customers purchased drugs from private sector pharmacies in middle-income areas of each city, selecting pharmacies on fi rst sight during an undirected walk within a single neighbourhood. 8, 15, 16 Such an approach is referred to as convenience sampling, with an attempt to reduce bias in the selection of pharmacies from which drugs were procured. The covert shoppers were not informed about the purpose of the collection. As the pharmacists selling the products were taking part in normal business practice, ethical review was not required for the study. All samples were monotherapies purchased without a prescription.
The purchased drugs were stored at ambient temperature with low humidity and no sunlight until testing. Tests were completed within 40 days of sample collection. The Minilab ® (Global Pharma Health Fund, Giessen, Germany) was used to run semi-quantitative TLC on each sample to determine the presence and relative concentration of the active pharmaceutical ingredient (API), and whether it met internationally acceptable standards. In previous studies, TLC testing using the Minilab protocol yielded broadly similar results to high-performance liquid chromatography when used to analyze pharmaceuticals. 17 Laserson et al. showed that TLC is an effective method of detecting substandard anti-tuberculosis drugs. 10 The Minilab protocols award products a 'pass' for TLC if ⩾80% of the API is present as mentioned on the label.
Disintegration tests were conducted to see if samples disintegrated in water at 37°C in <30 min. Products were labeled 'failures' if they did not pass the most basic requirements of API concentration and solubility. In other words, even products that passed may have been of poor quality.
Each drug brand was checked against the offi cial list of authorized products in the country in which it was procured. Non-registered drugs are not necessarily inferior, but they are illegal, as they are not authorized to be sold in that country. Test results were broken down by registration status once testing was complete to eliminate potential bias. Failing products that contained at least 10% of API were recorded, as, in the absence of data, the authors estimated that these products were likely to contribute to drug resistance.
For the purpose of this study, 'falsifi ed' is defi ned as drugs that appeared to be deliberately and fraudulently mislabeled with regard to identity. Whereas the term 'counterfeit' has traditionally been used for this purpose, 'falsifi ed' refl ects the latest terminology, as 'counterfeit' is now more often used to refer specifically to products that display evidence of trademark infringement. 18 Samples that appeared to be poorly manufactured or degraded were considered substandard.
RESULTS
The Table shows the number of failures by drug type and registration status. Registered drugs were those that were authorized by the relevant drug regulatory authority in the country in which the drug was sold. Overall, 9.1% (65/713) of the drugs sampled failed basic quality control tests. The failure rate was 16.6% in Africa, 10.1% in India and 3.9% in other middle-income countries. The failure rate was 28.6% for non-registered products and 4.4% for registered products. However, even registered products exhibited some quality problems in all of the regions studied. The higher failure rate in Africa may be explained by the fact that fewer products are registered in Africa; consequently, more failures are caused by the greater number of illicit products on the market. Africa also has the highest percentage of failing products with non-trivial amounts of API (70.4%), compared to 51.9% in India and 27.3% in other middle-income countries. These products are most likely to be degraded or poorly manufactured (substandard) rather than falsifi ed.
Of the 25 properly registered 'failures', 11 (44%) appeared to be falsifi ed, as they either contained no API or had suspect packaging. Of the non-registered product failures, 7/40 (17.5%) appeared to be falsifi ed. This fi gure is conservative, as other products with low levels of API (but >0%) may also have been falsifi ed. As dissolution testing was not conducted in this study, these fi gures may in fact underestimate the problem, particularly for RMP, which often exhibits solubility problems when poorly manufactured. 19 
DISCUSSION
It is not always possible to discern why a drug fails quality control. None of the 'failures' had too much API. In addition to poorly formulated drugs, some of the under-dosed products may have been properly manufactured but lost API due to degradation in poor storage conditions.
Although it is impossible to be certain, it is likely that 44% of the properly registered 'failures' were falsifi ed, as they contained no active ingredient or had suspect packaging. While product packaging was visually inspected for correctness, comparison with reference samples was not always feasible, as attempts to collect such samples from manufacturers were unsuccessful-some manufacturers will only share information with large customers and regulators. An additional 17.5% of non-registered 'failures' appeared to be falsifi ed for the same reasons, and others with low levels of API may also have been falsifi ed. These products can cause physical harm to patients and economic damage to the companies whose products they imitate. Even if they contain no active ingredient, they can cause increased resistance to the other drugs with which they are taken in combination.
Most of the 'failures' were not properly registered. By and large, even poor quality, non-registered products were made by legitimate manufacturers-which were often licensed in at least one country. Medicines produced by legitimate manufacturers with insufficient API or improper solubility constituted a proportionately larger share of drug failures than falsifi ed samples. While these drugs may work in some cases, the insuffi cient API dose may prevent patients' chances of cure and contribute to drug resistance.
These results are limited to the private sector and did not include samples procured from National TB Programs. While TB is typically viewed as a public health issue, Wells et al. showed that large numbers of patients seek treatment for TB in the private sector. 20 Moreover, if drug resistance spreads as a result of poor quality anti-tuberculosis drugs in the private sector, both public and private sector patients will suffer.
There is a need for the WHO to conduct larger studies to determine the full extent of the availability of substandard and counterfeit anti-tuberculosis drugs and to provide clear, consistent and useful defi nitions of each of the above terms. Seear et al.'s defi nition for counterfeit drugs includes only those drugs with 0% API, 21 which is too narrow, as some counterfeit manufacturers fake versions of drugs through a 'second shift' at what are otherwise legitimate manufacturing sites, with some-but intentionally insuffi cientlevels of API. 22 Lessons from the malaria community The malaria community started paying attention to the dangers of falsifi ed and substandard drugs in the 1990s, and the TB community needs to catch up. Substandard or falsifi ed antimalarial drugs may indirectly cause the death of a child within 48 h of disease onset. 23 However, this tragic fact means that strains of malaria have less time and fewer opportunities to develop resistance. As TB is less acutely fatal than malaria, patients taking under-dosed anti-tuberculosis drugs may temporarily feel better, but if the drug does not eliminate the bacilli, resistance may develop. This may also extend the required treatment time, increasing both the cost of treatment and the risk of developing resistance.
In 2011, physicians in Mumbai made headlines when they reported multiple cases of TB for which they could identify no successful medicinal treatment. 24 As the drugs used to treat MDR/XDR-TB are more expensive and less effective than the fi rst-line drugs, 25 it is vital to preserve the effi cacy of fi rst-line treatment. We also need new anti-tuberculosis drugs that will reduce treatment duration and provide alternative treatments for patients with drug-resistant TB. A signifi cantly shortened treatment regimen would reduce the risk of developing drug resistance. 26 The Government of India pays close attention to ensuring that low-cost anti-tuberculosis drugs can be accessed by the poor, both in India and throughout the developing world. This is indeed important; treatment interruptions due to the inability to pay for drugs may be as damaging as providing patients with underdosed drugs, and may equally contribute to drug resistance. These two problems are not antagonistic to each other; they must be tackled simultaneously with all means available. Expanding access to anti-tuberculosis drugs without addressing quality concerns could create a massive drug resistance crisis. Increasing resistance will cause a small increase in patient deaths in the short term, but will be extremely deadly and costly to patients, and increase costs and complications for health providers alike in the long run.
CONCLUSIONS
In this preliminary analysis, 9.1% (65/713) of the INH and RMP samples tested failed quality control tests. Approximately half of these failing products (36/65, 55.4%), or 5% of the total, had API > 0%, making them likely to contribute to drug resistance.
The TB community needs to pay greater attention to preventing the proliferation of falsifi ed and substandard anti-tuberculosis drugs. Governments-especially those with high TB burdens-should improve the regulators' capacity to remove drug manufacturers that repeatedly fail quality control testing from government tenders, and they should use law enforcement mechanisms, such as Interpol's Medical Product Counterfeiting and Pharmaceutical Crime Unit, to disrupt the illicit trade in falsifi ed drugs. Curbing the manufacture and availability of falsifi ed and substandard anti-tuberculosis drugs is necessary both to protect the public health and to safeguard the effi cacy of e xisting drugs-above all the cheap, effective fi rstline drugs. 
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